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Device and method for determining the concentration of a tracer in blood 



The invention relates to device and a method for the in vivo determination of 
the concentration of a PET tracer in blood. 



5 In the case of Positron Emission Tomography (PET), the distribution of a 

radionuclide in the body of a patient is determined in that the annihilation quanta produced 
after the release of positrons are demonstrated. PET measurements are increasingly also used 
for pharmaco-kinetic modeling, in order to research the mode of the action of drugs. In such 
examinations, a particular body region is depicted by a PET detector, continuously and in a 
10 time-resolved manner, in order to observe dynamically the distribution of a PET tracer (that 
is, a radioactive marker substance or p + emitter that is appropriate for PET examinations). To 
evaluate the : measurements, it is often necessary to know the concentration of the tracer in the 
(arterial) blood at all times. This is. typically established in an invasive manner, i.e. by taking , 
blood samples. 

15 

Against this background, it is an object of the invention to provide a means for 
determining the concentration of a PET tracer in the blood that is simple, less stressful for the 
patient, and at the same time precise. 
20 This object is achieved through a device with the features of claim 1, and well 

as through a method with the features of claim 9. Advantageous embodiments are contained 
in the dependent claims. 

The device according to the invention serves for the in vivo determination of 
the concentration of a PET tracer in the blood of a (human or animal) subject. To this end, it 
25 includes the following components: 

An image-producing device which permits the locally resolved depiction of a 
body region. By "locally resolved depiction" we mean a depiction in which at any time of the 
depiction, the co-ordinates of the corresponding spatial point in the illustrated body region 
are known or can be determined via known geometrical relations. This condition is fulfilled 
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for example by sectional illustrations produced with a computer tomography device, or by 
three-dimensional reconstructions of a body volume 

A TOF-PET unit for recording the concentration of the tracer in a 
predetermined volume element. According to the definition, the TOF-PET unit (TOF= Time 
Of Flight) can determine the times of flight or the difference between the times of flight of 
two gamma quanta from an annihilation process so precisely that on the basis of this 
information, the point of origin of the quanta can be localized on the line of their flight path. 
The volume element, which can be observed separately with the TOF-PET unit, preferably 
has a size of approximately 0.2 to 20 cm 3 , with a size of approximately 0.5 cm 3 to 5 cm 3 
being particularly preferable. 

A data processing unit which is coupled to the image-producing device and the 
TOF-PET unit. The data processing unit is furthermore set up to set the TOF-PET unit in 
such a way that the volume element that is recorded with this lies in a body volume filled 
with blood, wherein the spatial position of this body volume filled with blood is determined 
with the aid of the image-producing device. 

With the device described above, it is possible to measure the concentration of 
a PET trace* in the blood of a patient continuously and in a non-invasive manner. For this, 
with the image-producing device, the spatial position of a body volume filled with blood; ?• 
which can for example be the aorta or the left ventricle of the heart, is determined. With: the 
aid of this information it is then possible to place the volume element observed by the TOF- 
PET unit directly into the body volume filled with blood, so that the TOF-PET unit < . 
exclusively receives signals from the blood. The data of the TOF-PET unit therefore 
represent the concentration of the tracer in the blood which is sought. An advantage of the 
device is that no invasive procedure is necessary, which means a corresponding 
simplification of the examination procedure and less stress on the patient. Furthermore, it is 
possible specifically to determine the concentration of the tracer in the blood from a 
particular body region, for example in the arterial blood of the left ventricle of the heart. In 
the case of blood sampling, on the other hand, as a rule only the concentration of the tracer in 
the periphery of the blood circulation is accessible. A further advantage results from the use 
of a TOF-PET unit, in which by setting a time-of-flight window, the position of an examined 
volume element can be displaced relatively easily along a line through the body of a patient. 
This enables simple, possibly also dynamic or subsequent fixing of the volume element under 
examination. 
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The TOF-PET unit can in principle be formed by a TOF-PET detector which 
is capable of depicting larger regions such as for example body sections or three-dimensional 
volumes. However, such a complete detector is not necessary for the desired investigative 
purpose, and as a rule it is even disadvantageous, for reasons of the space required and the 
5 control required. The TOF-PET unit therefore preferably comprises two detector elements, 
lying opposite one another^ for gamma quanta, including the corresponding evaluation 
electronics unit, which enables the detection of the times of flight of two gamma quanta from 
an annihilation process. With a TOF-PET unit of this type, it is possible to observe only a 
narrow (as a rule, pipe-shaped) volume that extends along a line. However, this is adequate 

10 for the observation of a volume element filled with blood that lies on the line. Due to the 
limitation to just two detector elements, such a TOF-PET unit can be produced relatively 
cheaply and additionally accommodated in an examination laboratory without problems, and 
in fact for example even in close proximity to an X-ray machine. In particular it is possible in 
design terms to connect the TOF-PET unit in a fixed manner to a (mobile) X-ray unit, so that 

15 there is a known relation between the illustration geometry of the X-ray devicfe and the line of 
observation of the TOF-PET unit. ■ 

The effective area of the detector elements of a TOF-PET unit of the type 
described above is preferably in each case approximately 10 mm 2 to approximately 400 mm 2 , 
with approximately 30 mm 2 to approximately 100 mm 2 being particularly preferred. By> 

20 "effective area" here we mean the area, standing perpendicular to the connection line of. the 
two detector elements, of the sensitive volume of the detector elements. 

The image-producing device can be for example an MRI device and/or an X- 
ray projection device, in particular an X-ray computer tomography device. Such devices can 
provide illustrations of body regions with a high level of location resolution, and are already 

25 present in many examination laboratories. 

According to a further development, the device as described includes a PET 
device for (preferably three-dimensional) recording of the distribution of the PET tracer in a 
body region. This body region is typically a different one from that in which the 
measurement with the TOF-PET unit takes place. For example, through the additional PET 

30 device, a three-dimensional depiction of the head of a patient can take place, in order to 
observe pharmaco-kinetic processes in the brain. The data obtained here can then be 
combined with the dynamically determined concentration of the PET tracer in the blood. 

The data processing unit can optionally be set up to segment a body volume 
that is filled with blood in one or more illustrations produced by the image-producing device. 
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In this case, the spatial position of this body volume can be automatically determined and the 
TOF-PET unit can be automatically oriented to this. 

According to a further embodiment of the equipment, it includes a display 
device for depicting illustrations that have been produced with the image-producing device, 
5 as well as input means for interactive selection of a body volume in these illustrations. In this 
case for example, on an illustration produced with the image-producing device, a doctor can 
specify interactively the body volume filled with blood, whereupon the data processing 
device determines the spatial position of this body volume and aligns the TOF-PET unit to 
this. 

10 As has already been mentioned, the body volume filled with blood that is 

observed by TOF-PET unit can in particular be the aorta or the left ventricle of the heart, so 
that the concentration of the tracer in the arterial blood can be observed in a targeted manner. 

The invention furthermore relates to a method for the in vivo determination of 
the concentration of a PET tracer in the blood, which comprises the following steps: s 
15 - production of at least one locally resolved illustration of a body region; 

determination of the spatial position of a body volume filled with blood on the 
basis of the illustration produced; , 

recording of annihilation quanta coming out of the body volume, taking 
account of their times of flight. 
20 The method thus contains, in a general form, the steps that can be carried out * 

with equipment of the type explained above. With regard to the details, advantages and 
further features of the method, we refer to the description given above. 

In particular, the method can be further developed such that a dynamic, 
preferably three-dimensional PET recording of a further body region takes place, and that the 
25 data obtained here are combined with the established concentration of the PET tracer in the 
blood. In this way it is possible to carry out for example pharmaco-kinetic examinations of 
processes in the brain, which on account of the blood-brain barrier are of great importance, or 
in other body regions. 

In the following, the invention will be elucidated with the aid of the Figure, 
30 using examples. The single Figure shows schematically the components of the device in 

accordance with this invention, for determining the concentration of a tracer in the blood of a 
patient. 

In the case of the example shown, the equipment comprises an X-ray / 
computer tomography unit, indicated schematically, with an X-ray source 5 and an X-ray - 
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detector 6, which are fastened to a C-ann and which can be pivoted with this around a 
patient 1. The X-ray device is connected to a data processing unit 7 for control and image 
evaluation. From the projection photos produced in the case of a sweep of the X-ray device, 
the data processing unit 7 can, in a familiar manner, produce a three-dimensional sectional 
5 image A through the body of the patient 1 . This sectional image A can for example be 
represented on a monitor 8 that is connected to the data processing unit 7. 

With the aid of input means such as for example a mouse 9 or a keyboard, a 
doctor can select a body volume filled with blood on such a sectional illustration A. This can 
be for example the aorta or the left ventricle of the heart, which are respectively filled with 
10 arterial blood. Alternatively, the data processing unit 7 can also be set up to segment 
automatically body volumes filled with blood in the illustrations A, with the aid of 
appropriate algorithms of image processing. 

From the area that has been automatically or interactively set on the 
illustration A, the data processing unit 7 can then determine the actual spatial position r of a 
15 corresponding volume element 2, which is filled with blood, in the body of the patient 1 . 

The device furthermore comprises a TOF-PET unit, with the detector 
elements 3a and 3b that form it being shown only schematically in the Figure. These detector 
elements 3a, 3b lie opposite one another on different sides of the body of the patient 1, and 
can respectively demonstrate gamma quanta that hit them. The structure of such detector 
20 ■ elements, which can for example include scintillation crystals of BaF2 and photomultipliers, 
is known and therefore need not be described in any further detail here. 

The detector elements 3a, 3b include in each case an evaluation electronics 
unit for the pre-processing of the measured signals, and are connected to the data processing 
unit 7. Through corresponding specification of filter parameters, it can be achieved that .from 
25 the relatively numerous events demonstrated by the detector elements 3a, 3b, those ones are 
selected that are attributable to two gamma quanta yi, 72 of an annihilation process. Such 
quantum pairs arise when due to the radioactive decay of a tracer injected into the blood of 
the patient 1, a positron is released and [is] annihilated with an electron. The energy of the 
gamma quanta 71, 72 that arise here is about the same size and its direction of flight is 
30 approximately diametrically opposed. Thus if at the two detector elements 3a, 3b, gamma 

quanta of the appropriate energy are demonstrated at around the same time, it is assumed that 
these originate from an annihilation process. The point of origin of these gamma quanta 71, 72 
must lie on the connection line of the demonstration points in the detector elements 3a, 3b, 
the so-called "reaction line". 



WO 2005/044311 



PCT/IB2004/052299 



6 

Since, according to the conditions, this must be a TOF-PET unit, the detector 
elements 3a, 3b have a very high time resolution. This allows differences in time of flight 
between the gamma quanta yi, j2 of an annihilation pair to be measured, from which then a 
more precise conclusion can be drawn as to the location of the origin of these gamma quanta 
5 on the reaction line. The volume element observed by the TOF-PET unit can therefore be 
positioned anywhere along the reaction line, by specifying a window for the time of flight 
differences. For example, the observed volume element in the case of a time-of-flight 
difference of around zero lies precisely in the middle between the two detector elements 3a, 
3b. In particular, the volume element 2 observed by the TOF-PET unit can be placed at the 

10 location r that is determined with the CT 5, 6, as described above, so that it lies entirely 
within a body volume filled with blood. This ensures that the TOF-PET unit measures the 
concentration of the tracer in the blood precisely. 

The position r of the volume element 2 observed with the TOF-PET unit can 
optionally be checked and adjusted from time to time through photos with the GT 5, 6. It is 

15 \ furthermore conceivable to record the cardiac activity continuously through an ; 

electrocardiogram, and to use the measured values of the TOF-PET unit only from certain > 
heartbeat phases, in order to ensure that the heart was in a particular position in which the 
observed volume element is completely filled with blood. ■ 
Also indicated schematically in the Figure is a PET detector 4, with which . 

20 three-dimensional PET images of the brain of the patient f can be made. On these images, it . 
is possible to follow dynamically the distribution of the tracer. In order to be able to derive 
meaningful pharmaco-kinetic models from such observations, it is frequently necessary at the 
same time to know the concentration of the tracer in the arterial blood (so-called "arterial 
input function"). This information can advantageously be determined in the case of the 

25 equipment presented here, by the TOF-PET unit, as explained above. 



